Differential effects of caffeine on DNA damage and replication cell cycle checkpoints in the fission yeast Schizosaccharomyces pombe.
Caffeine potentiates the lethal effects of ultraviolet and ionising radiation on wild-type Schizosaccharomyces pombe cells. In previous studies this was attributed to the inhibition by caffeine of a novel DNA repair pathway in S. pombe that was absent in the budding yeast Saccharomyces cerevisiae. Studies with radiation-sensitive S. pombe mutants suggested that this caffeine-sensitive pathway could repair ultraviolet radiation damage in the absence of nucleotide excision repair. The alternative pathway was thought to be recombinational and to operate in the G2 phase of the cell cycle. However, in this study we show that cells held in G1 of the cell cycle can remove ultraviolet-induced lesions in the absence of nucleotide excision repair. We also show that recombination-defective mutants, and those now known to define the alternative repair pathway, still exhibit the caffeine effect. Our observations suggest that the basis of the caffeine effect is not due to direct inhibition of recombinational repair. The mutants originally thought to be involved in a caffeine-sensitive recombinational repair process are now known to be defective in arresting the cell cycle in S and/or G2 following DNA damage or incomplete replication. The gene products may also have an additional role in a DNA repair or damage tolerance pathway. The effect of caffeine could, therefore, be due to interference with DNA damage checkpoints, or inhibition of the DNA damage repair/tolerance pathway. Using a combination of flow cytometric analysis, mitotic index analysis and fluorescence microscopy we show that caffeine interferes with intra-S phase and G2 DNA damage checkpoints, overcoming cell cycle delays associated with damaged DNA. In contrast, caffeine has no effect on the DNA replication S phase checkpoint in response to inhibition of DNA synthesis by hydroxyurea.